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5 FIELD OF THE INVENTION 

The present invention relates generally to methods and devices of detecting 
proteins. Specifically, the invention is directed to methods and devices for detecting 
proteins at lower pH's using various buffers. 

10 BACKGROUND OF THE INVENTION 

Methods for the detection of urinary proteins are often' more sensitive to albumin " 
than to other urinary proteins. It is important, however, to detect proteins other than 
albumin, especially in the case of Bence-Jones proteinuria. The detection of proteins 
should cover a wide range of protein concentrations since the decision levels and 
w recommended actions to be taken by clinicians will vary depending on the concentration 
of protein detected in a patient's urine. For example, persistent proteinuria greater than 
50 mg/dL represents strong evidence of renal disease whereas a protein level of greater 
than 300 mg/dL is consistent with a diagnosis of nephrotic syndrome. A concentration of 
protein in urine of greater than 800 mg/dL suggests massive protein loss and warrants a 
20 renal biopsy and/or steroid therapy. Accordingly, it is apparent that a test for protein in 
unne should be effective over a wide range of protein values. 

Various methods for the determination of protein in aqueous fluid have been 
reported in the literature. These methods include the Kjeldahl method, biuret method 
Lowery method, dyestuff combination method, UV method and fluorometric method In 
25 general, proteins react with various substance including dyes such as bromphenol blue 
coomassie brilliant blue and eosine, as well as metal ions such as silver (I), copper (II)' 
zinc (II) and lead (II). 

Urine contains amounts of salt that vary between individuals. Some of these salts 
may act as a buffer when a diagnostic assay demands operation at a pH different than that 
30 of the urine sample. For example, urine sample with salts such as bicarbonate, acetate or 
phosphate tend to resist the lowering of pH. Creatinine, a common component of urine 
may also act as a buffer in resisting the lowering of pH. The result of this buffering is thai 
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some urine sample, wU> cause a stfip P H . be higher to. optima.. A higher 
optimal arip P H may result in color generation of «he proKin indicator dyes, provtdmg a 
L indication of the presence of protein. It is desired to have . buffing system mat 
reduces such urine effects, while not interacting with the chemistry occumng. 

Accordingly, a need exists for a method and device for detecting proteins over a 
wide range of clinical concentrations and pH's. 

SUMMARY OF THE INVENTION 

According to one embodiment, an assay for the deremtination of protein in an 
10 ^ooous test fluid comprises combining the test fluid with a buffer and a dye. The buffer 
is selected from oitrulline, malonic acid, cyanotic acid, citraconic ac.dmeti.yl 
poosphonic acid, sarcosine, saccharin, or combinations urereof. The buffer is ad eti ,» 
uflicien, quantity to maintain the pH of the assay including the tea, fluid a, a selected 
urge, pH range within a range of from about 2.0 ,0 aboo, 3.0. The dye has a P Ka whtch 
„ enables i, to opemt. as a profein indicator a, ». urge, pH range. The dye has an afflnny 
for protein such ,ha, i, will provide a dcecuble response in tire presence of greater titan 
abou, ,5 mg/dL pro«in, ,o titereby render ,he assay suifable for tire deKCon of fofa. 

protein in the test fluid. 

According « another embodimen, a *y device for use in defemurun, profem 
M ,evels in a fluid feat sample comprises an absorbent material having absorbed fherenr a 
boffer and a dye. The buffer is selected from ci.rul.ine, malonic acid, cyanoacefc acd 
cUraconic acid, me,hyl phosphonic acid, sarcosine, saccharin, or combinations thereof. 
The buffer is added in sufficient quantity ,o mainuin tire pH of fhe assay including fhe ,es« 
fluid a, a selected urge, pH range wintin a range of from about 2.0 » abou, 3.0. The dye 
2S te a pKa which enables it ,o operafe as a profem indicator a. the target pH range. The 
dye has an affini,y for prouin such fhat if will provide . defec«able response m tire 
presence of greaur ,han 15 mg/dL profein upon cnnuct between fhe device and fh. fiord 
sample, ,0 .hereby render dre device soiuble for fh. defection of fofal profein m tire 

fluid test sample. . . 

According to a further embodiment, an assay for the determination of profetn .„ an 
aqueous tes, fluid comprises combining .he test fluid with a buffer and a dye. The buffer 
is seleced from cifrulline, malonic acid, or combinations tirereof. The buffer is added m 
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suffice* quantity to maintain the pH of the assay including the test fluid at a selected 
target pH range within a range of from about 2.0 to about 3.0. The dye has a pKa which 
enables ,t to operate as a protein indicator at the target P H range and which has an affinity 
for protein such that it will provide a detectable response in the presence of greater than 
about 15 mg/dL protein, to thereby render the assay suitable for the detection of total 
protein in the test fluid. 

According to yet a further embodiment, a dry device for use in determining protein 
levels u a fluid test sample comprises an absorbent material having absorbed therein a 
buffer and a dye. The buffer is selected from citrulline, malonic acid or combinations 
thereof. The buffer is added in sufficient quantity to maintain the pH of the assay 
including the test fluid within a selected target P H range within a range of from about 2 0 
to about 3.0. The dye has a pKa which enables it to operate as a protein indicator at the 
target pH range and which has affinity for protein such that it will provide a detectable 
response in the presence of greater than 15 mg/dL protein upon contact between the 
device and the fluid test sample, to thereby render the device suitable for the detection of 
total protein in the fluid test sample. 

DETAILED DESCRIPTION OF THE ILLUSTRATED EMBODIMENT 

The assay for protein of the present invention can be carried out in either the wet 
or dry format. It is most conveniently carried out in the form of an absorbent test strip 
impregnated with (a) a buffer selected from citrulline, malonic acid, cyanoacetic acid, 
citraconic acid, methyl phosphonic acid, sarcosine, saccharin, or combinations thereof 
and (b) a dye having a pKa which enables it to operate as a protein indicator (e.g., a color 
indicator) at a pH of from about 2.0 to about 3.0. 

Buffers 

The buffer to be used in the present invention is added in sufficient quantity to 
maintain the pH of the assay including the test fluid within a range of from about 2.0 to 
about 3.0. The buffer may have a prior adjustment of pH that is commonly accomplished 
by adding acid or base to a solution of the buffer chemical to achieve a particular P H, or 
by adding a mixture of the buffer chemical and its salt in selected proportions to give a 
particular pH. The buffer is preferably added to maintain the pH of the assay including 
the test fluid within about +/- 0.2 pH units of the selected target pH. The buffer is 



PCT/IB02/02321 

WO 03/001213 4 

preferably added in sufficient quantity to maintain me pH of the assay including the test 
fluid within a range of tarn about 2.4 to about 3.0. 

The preferred buffers are citrulline, malooic acid or combinations thereof. Buffer 
may be selected from citrulline, malonic acid, cyanoaceric acid, eitraconic acid, methy 
, phosphonic acid, sarcosine, saccharin, or combinations thereof. Various — tons o 
L buffers ma, be used, but the concemrations of me buffers are generally from about 

200 to about 500 mM. 

Mb may be in the form of MmrlUne, Mtnrlttne and M-c.tn.Ume and . 

represented by structure A. 
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O 0 




NH ^ ^ O 



NH 3 



Structure A 

useful in the present invention is represented by Structure B, 



Malonic acid that is 



,C0 2 H 
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«V . cyanoacetic acid that is useful in the present invention is represented by 
ON 

Structure C, C °' H • Citraconic acid that is useful in the present invention is represented 
by Structure D. 



C0 2 H 

x 

/^C0 2 H 



Structure D 
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Methyl phosphonic acid that is useful in the present invention is represented by 
Structure E. 
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envtameo. rhan when fa. in md effecdve|y , |ower ^ fa ^ 

ronton «* M „ „,„ chang , „ „„ dye> jn ^ abseoce of a pro( ^ ^ 

as a pH senanve color i„dica,„r wito the sefccrad Urge, pH range, ta ^ proteins 
wilJ generally not be detected accurately. 

The dyes to be used in the present invention generally provide a detectable 
response in the presence of total protein from about 2 to about 500 mg/dL protein The 
dyes preferably provide a detectable and particularly usefu. response to total protein from 
about 15 to about 300 mg/dL protein. It is contemplated that the amount of dye may be 
vaned to give a detectable and useful response outside of such a preferred range. 

Examples of these dyes include substituted phenolsulfonephthaleins, pyrogallol 
red or combinations thereof. It is contemplated that other dyes that tend to have a 
detectable indication in the dye absorbance or fluorescence spectrum (as indicating 
tarnation) in the pH range of from about 2 to about 3 in the absence of protein and a 
Afferent indication, under otherwise the same conditions, but in the presence of protein 
may be used in the present invention. The P H for giving a different detectable response 
between the presence and absence of protein, should be within the P H range maintainable 
by the buffer being used in the present invention. 

For example, it is contemplated that dyes such as bromochlorophenol blue (3\3". 
dibromo-5',5"-dichlorophenolsulfonephthalein); bromophenol blue (tetrabromophenol 
blue); basic fuchsin (basic red 9); basic violet 14; martins yellow (acid yellow 24)- 
phloxine B (acid red 92); methyl yellow (solvent yellow 2); congo red (direct red 28)' 
methyl orange (acid orange 52); and ethyl orange ( H 4. 
diethylaminophenylazojbenzenesulfonic acid) may be useful in the present invention. 
Such dyes may be used in combination with dyes such as phenolsulfonephthaleins and 
pyrogallol red. 

The phenolsulfonephthalein indicators particularly useful in the present invention 
are represented by the following structures, H and I: 
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Structure I 
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Structure H 

Structure H represents the structure of a phenolsulfonephthalein derivative in orotic 
solvents suoh as water or an alcoho,. while Strueture . represents the form *» 
predotnina.es in the dry state or in aprotie soWents such as ethers and acetontu* The 
phenolsmfonephtharein "protein enor" indicators are pH urdicators that tneiude an 
ionise proton having a p>Ca value such dra, a, particular pH's rhe proton ts no, tontzed 
unless in the presence of protein. 

The pKa value of a general phenolsnlfonephthalein indicator shown below, 
Stnreture J, is the pH at whieh one half of *. number of indicator nro.eeules include the 
deprontated C ring phenohc hydroxy, group. In the case of the phenolsulfonephthalem 
pmrein error indicators ithtstrared above, two deprotonation even, oceur to cause an 
observable color change. The firs, deprotonarion removes the proron from me aryl 
sulfonic acid on the A ring to yield the ion illustrated below as Strueture J. 




Structure J 
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The pK. of this proton is less than one, resulting in the ionization of this moiety at 
all useful P H value, This ionizable group is also responsible for the aqueous solubility of 
these compounds. The second deprotonation involves the release of a proton from the C 
ring phenolic hydroxyl to yield the dianion as shown in Structures K and L below 





o 

Structure L 
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With this type of protein error indicator, the second deprotonization causes the observable 
color change that is indicative of the presence of protein in the sample being tested The 
phenolsulfonephthalein protein error indicator is typically applied to an absorbent matrix 
material along with a buffer to provide an environment of constant pH, so that one can 
rely on the color change being the result of the presence of protein rather than the result of 
a pH change upon contact with the test fluid. 

Only those phenolsulfonephthalein protein error indicators which have a second 
pKa allowing the second deprotonation, in the presence of protein, to take place at a pH 
within a range of from about 2.0 to about 3.0 are useful in the present invention. Those 
phenolsulfonephthalein protein error indicators that have a second pKa allowing the 
second deprotonation, in the absence of protein, to occur outside of the maintained pH 
may be useful in the invention. Preferably, the second pKa, in the absence of protein 
takes place at a pH not within the range of from about 2.4 to about 3.0 and, most 
preferably, at a pH above 3.0. It is contemplated that an. ionization sensitive to protein 
presence that also gives a detectable indication (e.g., a color response) may be a first, 
second, etc. deprotonation with a different assortment of ionizable substituents. 

Many phenolsulfonephthalein protein error indicators have their second pKa in the 
appropriate range and are, therefore, suitable for use in the present invention. Useful 
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phenolsul foneph,haleins include .hose ft* - subsututed with Cecuon ^dmwmg 
La/o, ele=»o do-ng groups such . antino, amido, agaric, ^ 

Suucnnes J and L. 1. is con.empla.ed rha. one 0, more of Ihe nogs may «... contatn 
"n. - P^a, — s, -4 their prions on ,he dye — - 
■ ca so long as .he .suiting dye exhibits a pKa in the appropriare range, and reutns 
d 1 physL propel, such as M — • - -» *— £ 

pLJJepb.ha.eins are no. « because .Heir P K,s a. no, m ^P- 
L g , It has been discovered dta, the octa substituted - 
those phenoisu.fonephrha.ein derivatives una. are subsunned a. the 3 , 3^5 , 5 . 
^ 6 Una, are partly suitab.e for use in the present — Tbese 
^ preferab.y substUured wirh halogen and nitro groups and may be represent by 
Structure M: 

OH 



15 



20 



25 




Structure M 

where: X is nirro and Y and Z are chionne, bromine or iodine. AUo -M - . *. -» 
^ po.yhalogenared phenolsulfonephthaleins disclosed in U.S. Pa, No. 5,279,790 
wherein Y is nitro and X and Z are cb.orine. bromine or iodine. These indicators are sard 
,o have m. abi.i<y .0 de.ec« from about 2 to 500 mg/dL of protein in a fluid res, sample. 
However, use of the assay system of Ore present invention would be desirable in station. 
„ which proteinuria greater than 30 mg/dL is measured and microalbuminuria a, 2 mg/dL 

is not measured. . 

For example, in the case of diagnosing children for renal disease, ,< ts not desrrable 
,0 measure microa.bumin as Oris response may give a false indication of disease due to m 
variable nature. 1. is eviden. drat the aromatic rings of Ore pheno.su.foneph.ha,em 
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indicators useful in the present invention can bear a variety of substituent groups Such 
subsutuent groups are limited only by the ability of one of ordinary skill in the art to 
prepare stable compounds that have the appropriate protein error indicator properties to 
render them suitable for use in the present invention. 

Some specific examples of the phenolsulfonephthalein dyes are those substituted 
at the 5', 5" positions with nitro and at the 3 V 3», 3, 4, 5 and 6 positions with chloride 
bromide or iodide. For example, phenolsulfonephthalein dyes that may be used include 5,' 
5"-Dinitro-3\ 3", 3, 4, 5, 6-hexabromophenolsulfonephthalein or 5'-Nitro-5"-Iodo-3\ 3"' 
3, 4, 5, 6,-hexabromophenolsulfonephthalein. 

As discussed above, a dye that may be used is pyrogallol red. Pyrogallol red 
typically includes the use of a molybdate or tungstate salt that assists in providing rich 
color. U.S. Patent No. 5,399,498 discloses that tungstate reacts with the indicator to form 
a complex whose color shifts in the presence of protein in a manner similar to that of 
molybdenum. U.S. Patent No. 5,399,498 also discloses the use of phytic acid or 
derivatives thereof to reduce background interference in this sort of assay. While this 
assay is very good at detecting low levels of protein in a fluid test sample such as urine, 
its resolution drops off dramatically at higher protein concentrations, particularly at 
protein concentrations greater than about 150 mg/dL. This method is a total protein assay 
since the response is not dependent on the type of protein present in the test sample. 
Thus, human serum albumin (HSA) at 15 mg/dL provides the same response as IgG at 15 
mg/dL. Since total protein assays are useful in the detection of certain disease states, and 
the higher the total protein spillover into urine the more serious the potential problem, a 
total protein assay that provides a detectable response at high protein concentrations* 
desirable. The molybdate/tungstate assay, however, is not effective for the detection of 
high levels of protein, i.e. above about 150 mg/dL, because of the strong affinity of the 
dye for protein. 

Other Possible. Components 

The assay device or component may contain any number of surfactants, 
detergents, background dyes, enhancer polymers or chelating agents that are known in the' 
art for use with protein detection methods based on dye binding. These assay devices or 
components typically include a protic solvent such as a water/methanol mixture in the 
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colons se, ou, in Tab.. .. Typify, .he somtion r* oontam . agen. 
s „ch a phytic acid and/., oxalic acid ,o inhibit or prevent interne. from orbcr 
comments in the urine test samp.e. The acids in the paper dip process may be adjusted 
„ a preferred pH of from about 2.4 ,o about J by adding sodium hydroxide or me hkc. 

TABLE 1 

r>pt;f>na| Components 



Ingredient 

Water 
Methanol 
Phytic Acid 
Oxalic Acid 



Function 

Solvent 
Solvent 
Chelator 
Chelator 



Cone Used 
95 mL 
5mL 

1 g(l5mM) 
0.11 e(12mM) 



General Range 

0-40 mL 
0-500 mM 
0-40 mM 
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EXAMPLES 

One example of forming a dry device, such as a diagnostic strip, includes dipping 
a material such as paper into an aqueous solution. The diagnostic strip may be made from 
various materials, but is typically made from paper attached to a plastic earner. One 
example of a suitable paper is Ahlstrom 204. It is contemplated that these strips may be 
made from other materials such as natuml or synthetic woven, or nonwoven matenal. 

According to one embodiment, a first aqueous solution is formed by the addmon 
of three submixes (Submixes 1-3). To form Submix 1, 10 ml of methanol 1.76 ml o 
,25 mM TR1S ((^(hydroxyrne^^^ - d 44 0 mg ° f ^° gM 

red were added together. These components were mixed from about 20 to about 30 
m inute S to form Submix 1. To form Submix 2, 4,0 g (3.20 mL) of 40H phyUc ac^ 
mL of 5o/o aqueous PVA (polyvinyl alcohol) of 31-5*. 1 1 2 ml of IN NaOH and 0.^4 
m L of 100 mg/mL of sodium molybdate, and 45.6 mL of water were added together. The 
NaOH was added to adjust the P H to approximately 2.3. These components were uuxed 
for about 60 minutes to form Submix 2. To form Submix 3, 217.5 mg of disodium 
oxalate 120.0 mL of 500mM L-citrulline with a P H of 2.5, and 100.0 mg of Cibacron 
Brilliant Yellow were added together. The components were mixed for about 30 nunutes 
to form Submix 3. 

Submix 1 and Submix 2 were mixed together for about 10 minutes and then 
Submix 3 was added. The P H was 2.6 and the combined Submixes 1-3 was stabilized for 
4 hours and adjusted to volume. Submixes 1-3 formed a First Dip solution of about 200 
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mL. The paper was dipped into the First Dip solution and dried in a three-stage oven at 
50/50/70'C with a 1 inch air flow. The paper being used was Ahlstrom 204 paper. 

The paper was then dipped into a Second Dip solution of 160 mL. The Second 
Dip solution was made by mixing 144 mL of toluene, 16 mL of THF (stabilized), 0.48 g 
of KOK (a polypropyleneglycol carbonate) such as disclosed in U.S. Patent No. 5,424,215 
and 36.57 mg of DNHB (5, 5" Dinitro - 3', 3", 3, 4 ' 5 ' 6 . 
hexabromophenolsulfonephthalein). The paper was dried in a three-stage' oven at 
50»/50»/50»C with a 1 inch air flow to form the active pad of the diagnostic strips. The 
diagnostic strips include the active pad that is adhered to a polymeric strip. 

While particular embodiments and applications of the present invention have been 
illustrated and described, it is to be understood that the invention is not limited to the 
precise construction and compositions disclosed herein and that various modifications 
changes, and variations may be apparent from the foregoing descriptions without 
departing from the spirit and scope of the invention as defined in the appended claims. 
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WHAT IS CLAIMED IS: 

, to an assay for toe donation of protein to an aqueous .as, flutd »h,ch 
uprises combining too «s, fluid with (a) a buffer selected from citrulline, mdon* ae,d. 
avanoaceric aeid, curaconio acid, metoy. photonic acid, sarcos.no, . « 

combinarions thereof, toe buffer is added in sufficient quantity ,0 mammm * _P« offl« 
.say including ,ba tea. fluid a. a selected target pH range witom a range of from a** 
2 „ o about 3.0 and 0» a dye having a pKa wtocb enabtes i. .o operare as a prote 
indicator a. toe terge, pH range and wbose affiniry for proreto is snob *a, wtll prov.de 
1— response in toe presanoe of groarer abou, 15 mg/dL pro,e.n ,o toeroby 
render toe assay suitable for toe detection of <o<al prorein in toe test flutd. 



12 



2 The method of claim i. wherein too buffer is selected from cyanoacetic 
aaid, citraconic acid, methyl phosphonie ac,d, sarcosine, saccharin, or combinattons 

u thereof. 

3 The method of claim 1 , wherein too buffer is addad in a sufficient quantity 
" ra mainrain *= pH of toe assay inciuding toe test fluid witoin a range of from abou. 2.4 to 
,s about 3.0. 

4. The method of daim ., wherein toe dye is a substituted 
phenolsulfonephthakin, pyrogallol red or combinations .hereof. 

5 The method of claim 4, wherein toe dye is a subs.in.ted 
M pto olsu.foneph.nalein, me substituted phenohulfonphtoalein is oeteaubstituted wtth 
amino, amide, aromatic, alky!, hydroxyl, toio, carhoxyUc, alhoxy, heroxy, aeoty., ha.ogen, 
26 nitro, cyano, or combinations thereof. 



28 



6 The method of claim 4, wherein the dye is a substiruted 
phenolsulfonephtoalein, toe substituted phenoUulfonephthalein is substituted a, toe 5\ T 
, positions wito oi.ro and at toe 3', 3", 3. 4, 5 and 6 positions with chloride, brom.de or 
iodide. 
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7. The method of claim 4, wherein the dye is a substituted 
phenolsulfonephthalein, the substituted phenolsulfonephthalein is 5,5"- Dinitro-3', 3", 3, 

4 4, 5, 6-hexabromophenolsulfonephthalein or 5'-Nitro-5"-Iodo-3\ 3", 3, 4, 5, 6 - 
hexabromophenolsulfonephthalein. 

6 

8. The method , of claim 1, wherein the dye is pyrogallol red and further 
8 includes combining the test fluid with a molybdate or tungstate salt. 
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9. The method of claim 1 wherein the buffer and dye are absorbed in a test 
strip of absorbent material. 



10. The method of claim 1, wherein the detectable response provides good 
14 resolution at protein concentrations of from about 1 5 to about 300 mg/dL. 



II. The method of claim 1 , wherein the dye operates as a color indicator in the 
presence of protein at a pH within the range of from about 2.0 to about 3.0. 



12. The method of claim 1 1 , wherein the dye operates as a color indicator 
20 the presence of protein at a pH within the range of from about 2.4 to about 3.0. 



in 



13. The method of claim 1, wherein the buffer maintains the pH of the assay 
including the test fluid at a target pH plus or minus about 0.2 pH units. 



14. In an assay for the determination of protein in an aqueous test fluid which 
26 comprises combining the test fluid with (a) a buffer selected from citruUine, malonic acid, 

cyanoacetic acid, citraconic acid, methyl phosphonic acid, sarcosine, saccharin, or 
» combinations thereof, the buffer is added in sufficient quantity to maintain the P H of the 

assay including the test fluid within about +/- 0.2 pH units of a selected pH range within a 
30 range of from about 2.0 to about 3.0 and (b) a dye having a pKa which enables it to 

operate as a color indicator in the presence of protein at the target pH range and whose 
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am for protein is such toa. i« »« P-de . detectable response in toe pr«e^ of 
, glt man about 2 ,0 about 500 m„dL prorata to *er=by render * «"» • — »» 
the detection of total protein to the test fluid. 

15 A dry device for use in determining protein levels in a fluid test sample 

. buffer selected from Celine, tnalonic acid, cyanoacetic ac,d, ctoacontc acrd, «** 
, Aphonic acid, sarcosine, saccha., or combinations thereof, toe buffet ts added m 
Iff, ient q uan,i.y to matatoin toe pH of toe assay todudtag toe test «u,d a, a se,ec.ed 
U- P H Lge within a range of front about 2.0 ,0 about 3.0 and <b, a dye havmg ap^ 
Jch enables it to operate as a protein indicator a, toe target pH range and whose ffim* 
for prorein is such to., it will provide a de.ec.able response in toe prese.ee o greater ftan 
15 me «L protein upon contact between toe device and toe fluid res. sample to thereby 
tender toe device suitable for toe detection of total protein in toe fluid test sample. 

U Tta. dry device of etaim f 5, wherefn .he buffer is se.ecred from cyanoacetic 
aci d, citraconic acid, methyl phosphonic acid, sarcosine, saccharin, or combinauons 
ig thereof. 

17 The dry device of claim 15, wherein the buffer is added to a sufficient 
M , u an.i.y to main* toe pH of toe assay including toe test fluid wiflun a range of from 
22 about 2.4 to about 3.0. 

,8. The dry device of claim 15, wherein the dye is a substituted 
phenolsulfonephthalein, pyrogallol red or combinations thereof. 

,9 The dry device of claim 18, wherein the dye is a substituted 
2 g phenolsulfonephthalein, the substituted phenolsulfonphthalein is octasubstituted wUh 
amino, amido, aromatic, alkyl, hydroxy!, thio, carboxylic, alkoxy, ketoxy, acetyl, halogen, 
30 nitro, cyano, or combinations thereof. 
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20. The dry device of claim 18, wherein the dye is a substituted 
• phenolsulfonephthalein, the substituted phenolsulfonephthalein is substituted at the 5' 5" 

positions with nitro and at the 3', 3" 3, 4, 5 and 6 positions with chloride, bromide or 
i iodide. 

21. The dry device of claim 18, wherein the dye is a substituted 
phenolsulfonephthalein, the substituted phenolsulfonephthalein is 5,5»- Dinitro-3', 3", 3, 
4, 5, 6-hexabromophenolsulfonephthalein or 5'-Nitro-5"-Iodo-3\ 3", 3, 4| 5j 6 . 
hexabromophenoisulfonephthalein. 

22. The dry device of claim 15, wherein the dye is pyrogallol red and further 
includes combining the test fluid with a molybdate or tungstate salt. 



23. The dry device of claim 15, wherein the detectable response provides good 
resolution at protein concentrations of from about 15 to about 300 mg/dL. 



16 



24. The method of claim 1 5, wherein the dye operates as a color indicator in 
.8 the presence of protein at a pH within the range of from about 2.0 to about 3.0. 



20 



22 



25. The method of claim 24, wherein the dye operates as a color indicator 
the presence of protein at a pH within the range of from about 2.4 to about 3.0. 



in 



26. The method of claim 15, wherein the buffer maintains the pH of the assay 
24 including the test fluid at a target pH plus or minus about 0.2 pH i 



units. 



* 27. A dry device for use in determining protein levels in a fluid test sample 

which comprises an absorbent material having absorbed therein (a) a buffer selected from 

28 a buffer selected from citrulline, malonic acid, cyanoacetic acid, citraconic acid, methyl 
phosphonic acid, sarcosine, saccharin, or combinations thereof, the buffer is added in 

30 sufficient quantity to maintain the pH of the assay including the test fluid within about +/- 
0.2 P H units of a selected target pH range within a range of from about 2.0 to about 3 0 
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and <b> a dye having a P Ka which enables U ,o opera., as a co.or indicam, in *e presence 
, of prorein a, *. se,ec«ed «rg« pH range and whose affinity for pro,ein is such « « w... 

provide a detectable response in the presence of Son, aboo, 2 ro abou, 500 mg/dL prolem 
, upo „ contact berween the device and the fluid tea, sampie .0 .hereby render the dev,ce 

suitable for the detection of total protein in the fluid test sample. 

28 In an assay for Ute determination of protein in an aqueous tea. fluid which 
. comprises combining rhe test fluid who (a) a buffer solaced from citrulline, malonic actd 
or combinations thereof, the buffer is added in sufficient quantiry to mamtarn me pH of 
the assay including the tes, fluid a. a selec«d pH range within a range of from abou, 2.0 
,o about 3.0 and <b> a dye having a pKa which enablea it » operate as a protem mdtcator 
a, the PH range and whose affinity for pro* is such that i. wtl. 

detectable response in the presence of greater man about 15 mg/dL protein ,0 thereby 
render the assay suitable for the detection of total protein in .he .est flutd. 
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29. The method of claim 28, wherein the buffer is citrulline. 

30. The method of claim 28, wherein the buffer is malonic acid. 

31 . The method of claim 28, wherein the dye is a substituted 
phenolsulfonephthalein, pyrogallol red or combinations thereof. 



32 The method of claim 28, wherein the dye operates as a color indicator in 
24 the presence of protein at a P H within the range of from about 2.0 to about 3 .0. 

33. The method of claim 32, wherein the dye operates as a color indicator in 
the presence of protein at a pH within the range of from about 2.4 to about 3.0. 



26 



34 A dry device for use in determining protein levels in a fluid test sample 
30 which comprises an absorbent material having absorbed therein (a) a buffer selected from 
a buffer selected from citrulline, malonic acid or combinations thereof, the buffer ,s added 
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in sufficient quantity to maintain the pH of the assay including the test fluid at a selected 
2 target pH range within a range of from about 2.0 to about 3.0 and (b) a dye having a P Ka 

which enables it to operate as a protein indicator at the target P H range and whose affinity 
< for protein is such that it will provide a detectable response in the presence of greater than 

15 mg/dL protein upon contact between the device and the fluid test sample to thereby 
6 render the device suitable for the detection of total protein in the fluid test sample. 

« 35. The dry device of claim 34, wherein the buffer is citrulline. 

'o 36. The dry device of claim 34, wherein the buffer is malonic acid. 



12 



14 



IS 



37. The dry device of claim 34, wherein the dye is a substituted 
phenolsulfonephthalein, pyrogallol red or combinations thereof. 



38. The method of claim 34, wherein the dye operates as a color indicator at 
.6 pH within the range of from about 2.0 to about 3.0 in the presence of protein. 



39. The method of claim 38, wherein the dye operates as a color indicator at , 
pH within the range of from about 2.4 to about 3.0 in the presence of prote 



tern. 
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TOTAL PROTEIN DETECTION METHODS AND DEVICES AT LOW PH 

5 FIELD OF THE INVENTION 

The present invention relates generally to methods and devices of detecting 
protems. Specifically, the invention is directed to methods and devices for detecting 
proteins at lower pH's using various buffers. 

° BACKGROUND OF THE INVENTION 

Methods for the detection of urinary proteins are often more sensitive to albumin 
than to other urinary proteins. It is important, however, to detect proteins other than 
albumm, especially in the case of Bence-Jones proteinuria. The detection of proteins 
should cover a wide range of protein concentrations since the decision levels and 
.s recommended actions to be taken by clinicians will vary depending on the concentration 
of protein detected in a patient's urine. For example, persistent proteinuria greater than 
50 mg/dL represents strong evidence of renal disease whereas a protein level of greater 
than 300 mg/dL is consistent with a diagnosis of nephrotic syndrome. A concentration of 
protein in urine of greater than 800 mg/dL suggests massive protein loss and warrants a 
20 renal biopsy and/or steroid therapy. Accordingly, it is apparent that a test for protein in 
unne should be effective over a wide range of protein values. 

Various methods for the determination of protein in aqueous fluid have been 
reported in the literature. These methods include the Kjeldahl method, biuret method 
Lowery method, dyestuff combination method, UV method and fluorometric method In' 
25 general, proteins react with various substance including dyes such as bromphenol blue 
coomassie brilliant blue and eosine, as well as metal ions such as silver (I), copper (II)' 
zinc (II) and lead (II). 

Urine contains amounts of salt that vary between individuals. Some of these salts 
may act as a buffer when a diagnostic assay demands operation at a pH different than that 
30 of the urine sample. For example, urine sample with salts such as bicarbonate, acetate or 
phosphate tend to resist the lowering of P H. Creatinine, a common component of urine 
may also act as a buffer in resisting the lowering of P H. The result of this buffering is that 
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some urine samp!* will cause a snip pH ,o be higher than optima!. A higher than 
upUma! strip P H may ream, in co.or generation of the protein indicator dyes, proving a 
L indication of the presence of protein. > is desired to have a huffutg systom Una. 
re d„ces such urine effects, while no. in.erac.ing with the chemistry occumng. 

Accordingly, a need exists for a m«hod and device for detecting proteins over a 
wide range of clinical concentrations and pH's. 

SUMMARY OF THE INVENTION 

According .0 one embodiment, an assay for me derermination of protein in an 
,. „ueous M fluid comprises combining the tea. fl uid with a buffer and a dye. The buffer 
is selected tarn ciwlltoe, malonic acid, cyanoaceuc acid, cimaconic acid, methy. 
phosphonic acid, — , saccharin, or combinations thereof. The buffer is added m 
sufficient quantity ,0 maintain the pH of me assay including .he « fluid a, a se.ec.ed 
uugc, pH range width, a range of from about 2.0 » abou. 3.0. The dye has a pKa wh,ch 
„ enables i. .0 opera.e as a pro.ei„ indicator » .he .arge. P H range. The dye has an afltaty 
for prcein such M » will provide a de.ecub.e response in the pmsence of greater man 
abou. 15 mg/dL prottin, .0 .hereby render me assay suhable for me detection of total 

protein in the test fluid. 

According to another embodiment, a dry device for use in determining protem 
20 levels in a fluid test sample comprises an absorbent material having absorbed therein a 
buffer and a dye. The buffer is selected from citrulline, malonic acid, cyanoacetic acid, 
citraconic acid, methyl phosphonic acid, sarcosine, saccharin, or combinations thereof. 
The buffer is added in sufficient quantity to maintain the P H of the assay including the test 
fluid at a selected target pH range within a range of from about 2.0 to about 3.0. The dye 
25 has a P Ka which enables it to operate as a protein indicator at the target P H range. The 
dye has an affinity for protein such that it will provide a detectable response in the 
presence of greater than 15 mg/dL protein upon contact between the device and the flmd 
test sample, to thereby render the device suitable for the detection of total protein in the 
fluid test sample. 

According to a further embodiment, an assay for the determination of protem in an 
aqueous test fluid comprises combining the test fluid with a buffer and a dye. The buffer 
is selected from citrulline, malonic acid, or combinations thereof. The buffer is added » 



2 



BNSDOCIO: <WO. 03001213*3JA» 



WO 2003/001213 

PCT/IB2002/00232] 

sufficient quantity t0 ^ te pH of ^ ^ ^ ^ m a ^ 

.arge, pH range within e range of ftotn about 2.0 K> abou, 3.0. The dye has a pKa which 
enable, ., ,o operate as a protein indicator a. Ore rarge, pH range ^ which has an affinity 
for protein such Una, i, win provide a de.ec.abJe response in the presence of greater than 
. abou. 1 5 mg/dL protein. ,o .hereby render tire aaaay sunablc for the de.ee.ion of ,„ te l 
protein in the test fluid. 

According to yet a further embodiment, a dry device for use in determining protein 
levels m a fluid test sample comprises an absorbent material having absorbed therein a 
buffer and a dye. The buffer is selected from citrulline, malonic acid or combinations 
.o thereof. The buffer is added in sufficient quantity to maintain the P H of the assay 
including the test fluid within a selected target pH range within a range of from about 2 0 
to about 3.0. The dye has a pKa which enables it to operate as a protein indicator at the 
target P H range and which has affinity for protein such that it will provide a detectable 
response m the presence of greater than 15 mg/dL protein upon contact between the 
.5 dev.ce and the fluid test sample, to thereby render the device suitable for the detection of 
total protein in the fluid test sample. 

DETAILED DESCRIPTION OF THE ILLUSTRATED EMBODIMENT 

The assay for protein of the present invention can be carried out in either the wet 
or dry format. It is most conveniently carried out in the form of an absorbent test strip 
20 impregnated with (a) a buffer selected from citrulline, malonic acid, cyanoacetic acid 
c.traconic acid, methyl phosphonic acid, sarcosine, saccharin, or combinations thereof 
and (b) a dye having a pKa which enables it to operate as a protein indicator (e.g., a co.or 
indicator) at a pH of from about 2.0 to about 3.0. 
Buffers 

The buffer to be used in the present invention is added in sufficient quantity to 
maintain the P H of the assay including the test fluid within a range of from about 2 0 to 
about 3.0. The buffer may have a prior adjustment of pH that is commonly accomplished 
by adding acid or base to a solution of the buffer chemical to achieve a particular pH or 
by adding a mixture of the buffer chemical and its salt in selected proportions to give a 
30 particular P H. The buffer is preferably added to maintain the pH of the assay including 
the test fluid within about +/- 0.2 pH units of the selected target pH. The buffer is 
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preferably added in sufficient quanta to maintain the P H of the assay including the test 
fluid within a range of from about 2.4 to about 3 .0. 

The preferred buffets are citrullme, ntalonic acid or combinations thereof. Buffets 
ma y be selected from citrullme, malonic acid, cyanoace.ic acid, citraconic acid, methyl 
, pbosphonicacid.sarcosine.saccharin.otcombinadons^of. Various concentrations of 
these buffers may be used, bu, the concentrations of the buffers are generally from about 

200 to about 500 rnM. 

Citrullme may be in the form of L-citrulline, D-citrulline and D,L-citrulhne and ,s 

represented by structure A. 
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Structure A 
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Malonic 



acid that is useful in the present invention is represented by Structure B, 



.C0 2 H 



cC 2 H Cyan0 acetic acid that is useful in the present invention is represented by 



Structure C, 
by Structure D. 



C °2 H . Citraconic acid that is useful in the present invention is represented 



C0 2 H 
/^CO,H 



CO,H 

Structure D 



20 



Methyl phosphonic acid that is useful in the present invention is represented by 
Structure E. 
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Sarcosine that is useful in the present invention is represented by Structure F. 

,NH 2 * co 2 - 
CH 3 ^ 

Structure F 



Saccharin that is useful in the present invention is represented by Structure G. 




Structure G 



It is believed that citrulline, malonic acid, cyanoacetic acid, citraconic acid, methyl 
phosphonic acid, sarcosine and/or saccharin can be obtained commercially, such as from a 
company like Aldrich Chemical Company. 



Dyes 



The dyes to be used in the present invention have pKa's that enable them to 
operate as protein indicators at a P H within a range of from about 2.0 to about 3 0 For 
example, the dyes may have pKa's that indicate a color difference when protein is present 

2 o at a selected target pH range within the pH range of from about 2.0 to about 3.0 The 
selected target pH range is preferably within about +/- 0.2 P H units of the selected target 
PH. Additionally, the dyes may have pKa's that do not have a significant color difference 
in the absence of protein within the selected target pH range. The dyes to be used in the 
present invention preferably have pKa's that enable them to operate as protein indicators 

is at a pH within a range of from about 2.4 to about 3.0. While not being bound by theory it 
is believed that such dyes, when bound to a protein, are exposed to a different 
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eovironment than when ta in solution, and effective* develop a lower pKa for the 
ionization essentia, to color change. If the dye, in the ahsence of a protein, also responds 
„ a pH sensitive color indicator within the selected targe, P H range, titen added pro<=,ns 

will generally not be detected accurately. 

The dyes to be used in the present invention generaUy provide a detectable 
spouse i„ tire presence of total protein from about 2 to abou, 500 mg/dL protetn. The 
dy es prefeably provide a detectable and particular* useful response to toral protetn fro™ 
about U to about 300 mg/dL protein, is contemplated that tire amount of dye may be 
varied to give a detectable and useful response otnside of such a preferred range. 

Examples of these dyes include substituted phenolsulfonephthaleins, pyrogallo. 
^ o, combinations thereof. .< is contemplated that outer dyes that tend to have a 
detectable indication in tire dye absorbance or fluorescence spcctnrm (as indicating 
ration) in the P H range of from about 2 to about 3 in the absence of protein and a 
afferent indication, under otherwise tire same conditions, but in <hc presence of protetn 
„ may be used in ft. present invention. The pH for giving a different detectable response 
baween tire presence and absence of protein, should be within the pH range maintatnab.e 
by the buffer being used in the present invention. 

For example, it is contemplated that dyes such as bromoohlorophenol blue (3 ,3 - 
dibrt,mo-5',5»*hloropheno.su,fonephtha.ein ); bromophenol blue (tetrabromophenol 
, b.ue>; basic fuchsin (basic red 9); busic vio,=« 14; martins yellow (acid yellow 24); 
phloxine B (acid «d 92); metiryl yellow (solvent yellow 2); Congo red (direct ted 28); 
melhy , orange (acid orange 52); and ethyl orange (4-(4- 
dieti,ylaminophenylazo)benzenesu.fonic acid) may be useful in the present invention 
Such dyes may be used in combination with dyes such as phenolaulfonephthalems and 
25 pyrogallol red. 

The phenolsulfonephthalein indicators particularly useful in the present uwenuon 
are represented by the following structures, H and I: 
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Structure H 



Structure H represents the structure of a phenolsulfonephthalein derivative in protic 
solvents such as water or an alcohol, while Structure I represents the form that 
predominates in the dry state or in aprotic solvents such as ethers and acetonitrile The 
Phenolsulfonephthalein "protein error" indicators are pH indicators that include an 
.onizable proton having a pKa value such that at particular pH's the proton is not ionized 
unless in the presence of protein. 

The pKa value of a general phenolsulfonephthalein indicator shown below 
Structure J, is the pH at which one half of the number of indicator molecules include the 
deprontated C ring phenolic hydroxyl group. In the case of the phenolsulfonephthalein 
protem error indicators illustrated above, two deprotonation events occur to cause an 
observable color change. The first deprotonation removes the proton from the aryl 
sulfonic acid on the A ring to yield the ion illustrated below as Structure J. 
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The P Ka of .his P ro.on k less than one, resulting in the ionization of this more* « 
„, useful pH vah.es. This ionizable gmup is aiso responsible for the a,ueous solubility of 
these compounds. The second depro.ona.ion involves ft. release of a proton from Ore 
ring phenolic hydroxy! .0 yield Ac dianion as shown in S.rucnnes K and L below. 
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Structure L 



With this type of pr„.ein error indica,or, .he second deprotonizarion causes the observable 
color change .ha. is indicative of .he presence of protein in *e sample bemg fested. The 
phenolsulfonephthalein protein error indicator is typically applied .0 an absorbent mahsx 
Lena! along with a buffer .0 prov!de an environment of constant pH, so that one can 
rel y on the color change being the resuh of th. presence of protein rafher .ban the result of 
a pH change upon contact with the test fluid. 

Only .hose phenolsulfonephthalein protein error indicators which have a second 
pKa aUowing *e second depro.ona.ion, in the presence of protein, to take place a. a pH 
within a range of from about 2.0 to about 3.0 are usefid in the present invention. Those 
phenofsuffonephthalein protein error indicators that have a second pKa allowing the 
second depro.ona.ion, in the absence of protein, .0 occur otdside of .he maintained pH 
W be useful in the invention. Preferably, the second pKa, in the absence of protetn. 
takes place a, a pH no, wimin the range of from about 2.4 .0 about 3.0 and, most 
preferably, a. a pH above 3.0. It is oon.empla.er. that an ionization sensitive to proretn 
presence tha. also gives a de.ec.able indication (e.g., a color response) may be a first, 
second etc. deprotonation with a different assortment of ionizable substnuents. 

Many phenolsulfonephthalein pro.ein error indicators have their second pKa m the 
appropriate range and are, therefore, suitable for use in the present invention. Usefid 
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Phenolsulfonephthaleins include those that are substituted with electron withdrawing 
and/or electron donating groups such as amino, amido, aromatic, alky,, hydroxyl thio 
carboxylic, aikoxy, ketoxy, acetyl, halogen, nitro, and cyano on the A, B or C rings of 
Structures J and L. It is contemplated that one or more of the r i ngs may stil] contain a 
' hydrogen. The particular substituent( S ) and their positions on the dye molecule are not 
cnncal so long as the resulting dye exhibits a P Ka in the appropriate range, and retains 
des.rable physical properties, such as solubility, protein affinity and color. Unsubstituted 
phenolsulfonephthaleins are not suitable because their pKa's are not in the appropriate 
range. It has been discovered that the octa substituted sulfonephthalein indicators, i.e., 
those phenolsulfonephthalein derivatives that are substituted at the 3\ 3", 5', 5", 3, 4, 5 
and 6 positions, are particularly suitable for use in the present invention. These indicators 
are preferably substituted with halogen and nitro groups and may be represented by 
Structure M: 



OH 

Y 



& 




Structure M 



where: X is'nitro and Y and Z are chlorine, bromine or iodine. Also useful are the nitro 
substituted polyhalogenated phenolsulfonephthaleins disclosed in U.S. Pat. No. 5,279,790 
wherein Y is nitro and X and Z are chlorine, bromine or iodine. These indicators' are said 
20 to have the ability to detect from about 2 to 500 mg/dL of protein in a fluid test sample. 
However, use of the assay system of the present invention would be desirable in situations 
in which proteinuria greater than 30 mg/dL is measured and microalbuminuria at 2 mg/dL 
is not measured. 

For example, in the case of diagnosing children for renal disease, it is not desirable 
as to measure microalbumin as this response may give a false indication of disease due to its 
variable nature. It is evident that the aromatic rings of the phenolsulfonephthalein 
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i„ useful in the present i— - bear . variety of subsume* group. Such 
subsfimen, gnoups are toned only b, the abtmy of one of ordinal skill in .he art o 
prepare stable compound, that have .he app,o P tia.e pro.ein error indicator propert.es 
render diem suitable for use in die present invention. 

Some specific examples of the phenolsulfonephthalein dyes are those subs.uu.ed 
« „. y 5" positions with nitre and a. fire J\ 3», 3, 4, 5 and 6 positions with chlor.de 
bromide or iodide. Forexamp.e, phenolsulfonephthalein dyes ft* may be used include s, 
5»-Dini»o-3\ 3", 3, 4, 5, 6-hexabromophenolsulfoneph.halein o> S'-Nitre-S -Iodo-3 , , 
3 4 5 6-hexabromophenolsulfonephthalein. 
„ " ' As discussed above, a dye that may be used is pyrttgaUol red. Pyrogailol red 
Wally includes the use of a molybdate or tungs«a.« sal. ma. assists in providing nch 
cl, U S,Pa.entNo. 5,399.498 discloses that tongstate reacts with the indicator .0 form 
a complex whose color shite in me presence of protein in a manner similar «o ma, of 
m „,vbdenum. U.S. Patent No. 5,399,498 also discloses fit. use of phync ac,d or 
„ derivatives thereof to reduce background interference in this sort of assay. While dus 
assay is very good a. detecting low levels of protein in a fluid test sample such as unne, 
to resolution drops off dramatical* at higher protein eoncennafions, particularly a. 
protein concen.ra.ions greater man abou, .50 mg/dL. This mefitod is a mm! protein assay 
since the response is not dependent on the type of protein present in the test sampre. 
» Thus human serum albumin (HSA) a, 1 5 mg/dL provides the same response as IgG a. 1 5 
mg /dL Since total protein assays are useful in the deteaion of certain disease states, and 
the higher the total protein spillover into urine the more serious the potential problem, a 
Ml protein assay that provides a derecuble response a. high pro«in concentrauons is 
desirable. The molybdare/.ungsU.e assay, however, is no. effective for the derecuon of 
„ high levels of protein, U above about 150 mg/dL, because of the sttong affinny of the 
dye for protein. 

ntVi^r Possible Components 

The assay device or component may contain any number of surfactants, 
30 detergents, background dyes, enhancer polymers or chelating agents that are known in the 
art for use with protein detection methods based on dye binding. These assay devices or 
components typically include a protic solvent such as a water/methano. mixture in the 

10 



WO 2003/001213 

PCT/IB2002/002321 

concentrations set out in Table 1. Typically, the solution will contain a chelating agent 
such a phytic acid and/or oxalic acid to inhibit or prevent interference from other 
components in the urine test sample. The acids in the paper dip process may be adjusted 
to a preferred P H of from about 2.4 to about 3 by adding sodium hydroxide or the like. 
■ TABLE 1 



Optional C omponents „..„, . 

Ingredient Function Cone Used . r, 

Water Solvent 5 ml General Range 

Methanol Solvent 5 mL An T 

sees asr ' 8(i5mM) ^ 

- hcAcid Chelator 0.1l e ,12mM) O-gOmM 



EXAMPLES 

One example of forming a dry device, such as a diagnostic strip, includes dipping 
a material such as paper into an aqueous solution. The diagnostic strip may be made from 
.0 various materials, but is typically made from paper attached to a plastic carrier. One 
example of a suitable paper is Ahlstrom 204. It is contemplated that these strips may be 
made from other materials such as natural or synthetic woven, or nonwoven materials. 

According to one embodiment, a first aqueous solution is formed by the addition 
of three submixes (Submixes 1-3). To form Submix 1, 10 ml of methanol, 1.76 ml of 
.5 1 25 mM TRIS ((tris(hydroxymethyl)aminomethane)/methanol) and 44.0 mg of pyrogallol 
red were added together. These components were mixed from about 20 to about 30 
minutes to form Submix 1 . To form Submix 2, 4.10 g (3.20 mL) of 40% phytic acid, 8.00 
mL of 5% aqueous PVA (polyvinyl alcohol) of 31-50K, 11.2 ml of IN NaOH and 0.654 
mL of 100 mg/mL of sodium molybdate, and 45.6 mL of water were added together. The 
20 NaOH was added to adjust the pH to approximately 2.3. These components were mixed 
for about 60 minutes to form Submix 2. To form Submix 3, 217.5 mg of disodium 
oxalate, 120.0 mL of 500mM L-citrulline with a pH of 2.5, and 100.0 mg of Cibacron 
Brilliant Yellow were added together. The components were mixed for about 30 minutes 
to form Submix 3. 

Submix 1 and Submix 2 were mixed together for about 10 minutes and then 
Submix 3 was added. The pH was 2.6 and the combined Submixes 1-3 was stabilized for 
4 hours and adjusted to volume. Submixes 1-3 fonned a First Dip solution of about 200 
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mL The paper was dipped in,o ft. Firs, Dip solution and dried in a duee-stage oven a, 
50/50/70-Cwifta . inchairflow. The pap« being used was Ahlsttom 204 paper 

The paper was then dipped into a Second Dip solution of 160 mL. The Second 

Di p aolution was made by mixing .44 mL of »ldene, .6 mL of THF <M *» « 
, „,KOK(apoly T topv,en. g ,,co,carhona l e,st.ha S di S c.osedi„U5.Pa.en.No^44a^ 

„d 36.57 mg of DNHB (5. 5" Dmitro - V, 3", 3, 4, , - 
h „abromophenolsulfonepb,ha..in>. The paper was dried in a ,hree-s*ge oven at 
5O'/5O'/50°C with a 1 inch ai, flow to fotm the active pad of the diagnostic smps. The 
diagnostic strips include .he active pad ma. is adhered toe polymeric smp. 

While particular embodiments and applications of the present invenuon have been 
„ luar a,=d and described, i, is .0 be understood that .he invention is no, limned to me 
precise consnuction and compositions disclosed herein and ma, various modtficanons 
changes, and variations may he apparent from me foregoing descriptions wtthou, 
departing from tine spirit and scope of me invention as defined in me appended clattns. 
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WHAT IS CLAIMED IS: 

1. In an assay for the determination of protein in an aqueous test fluid which 
comprises combining the test fluid with (a) a buffer selected from citrulline, malonic acid 
< cyanoacetic acid, citraconic acid, methyl phosphonic acid, sarcosine, saccharin or 
combinations thereof, the buffer is added in sufficient quantity to maintain the pH of the 
e assay including the test fluid at a selected target P H range within a range of from about 
2.0 to about 3.0 and (b) a dye having a pKa which enables it to operate as a protein 
« indicator at the target pH range and whose affinity for protein is such that it will provide a 
detectable response in the presence of greater than about 15 mg/dL protein to thereby 
«o render the assay suitable for the detection of total protein in the test fluid. 

'2 2. The method of claim 1, wherein the buffer is selected from cyanoacetic 

acid, citraconic acid, methyl phosphonic acid, sarcosine, saccharin, or combinations 
14 thereof. 
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3. The method of claim 1, wherein the buffer is added in a sufficient quantity 
to maintain the pH of the assay including the test fluid within a range of from about 2.4 to 



is about 3.0. 



4. The method of claim 1, wherein the dye is a substituted 
phenolsulfonephthalein, pyrogallol red or combinations thereof. 



5. The method of claim 4, wherein the dye is a substituted 
24 phenolsulfonephthalein, the substituted phenolsulfonphthalein is octasubstituted with 
amino, amido, aromatic, alkyl, hydroxyl, thio, carboxylic, alkoxy, ketoxy, acetyl, halogen, 
26 nitro, cyano, or combinations thereof. 

28 6 - 1116 method of clai "> 4, wherein the dye is a substituted 

phenolsulfonephthalein, the substituted phenolsulfonephthalein is substituted at the 5', 5" 

30 positions with nitro and at the 3', 3", 3, 4, 5 and 6 positions with chloride, bromide or 
iodide. 
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7 The method of claim 4, wherein the dye is a substituted 
phenolsulfonephthalein, the substituted phenolsulfonephthalein is 5,5"- Dinitro-3' 3" 3, 
4 4 , 5 , 6-hexabromophenolsulfonephthalein or 5'-Nitro-5"-Iodo-3', 3", 3, 4, 5, 6,- 
hexabromophenolsulfonephthalein. 

g. The method of claim 1, wherein the dye is pyrogallol red and further 
, includes combining the test fluid with a molybdate or tungstate salt. 

9 . The method of claim 1 wherein the buffer and dye are absorbed in a test 
strip of absorbent material. 

10 The method of claim 1, wherein the detectable response provides good 
M resolution at protein concentrations of from about 15 to about 300 mg/dL. 

11. The method of claim 1, wherein the dye operates as a color indicator in the 
presence of protein at a P H within the range of from about 2.0 to about 3.0. 



12 The method of claim 11, wherein the dye operates as a color indicator in 
20 the P resenceofproteinata P Hwithintheran g eoffromabout2.4toabout3.0. 

13. The method of claim 1. wherein the buffer maintains the P H of the assay 
including the test fluid at a target pH plus or minus about 0.2 pH units. 

14 In an assay for the determination of protein in an aqueous test fluid which 
comprises combining the test fluid with (a) a buffer selected from citrulline, malonic acid, 
cyanoacetic acid, citraconic acid, methyl phosphonic acid, sarcosine, sacchann, or 
combinations thereof, the buffer is added in sufficient quantity to maintain the pH of the 
assay including the test fluid within about +/- 0.2 pH units of a selected pH range within a 
range of from about 2.0 to about 3.0 and (b) a dye having a pKa which enables ,t to 
operate as a color indicator in the presence of protein at the target pH range and whose 
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affinity for protein is such fa, i, win p^de a dereetable response i„ fa of 
> greater fa. about 2 ,„ ,bou, 50 0 tng/cL protein ,0 thereby render fa assay suitable ftr 
the detection of total protein in the test fluid. 

4 

15. A dry device for use in determining protein levels in a fluid test sample 
• wh,ch comprises an absorbent material having absorbed therein (a) a buffer selected from 
a buffer selected from citrulline, malonic acid, cyanoacetic acid, citraconic acid, methyl 
« Phosphonic acid, sarcosine, saccharin, or combinations thereof, the buffer is added in 
sufficient quantity to maintain the pH of the assay including the test fluid at a selected 
-o target pH range within a range of from about 2.0 to about 3.0 and (b) a dye having a p Ka 
wh.ch enables it to operate as a protein indicator at the target pH range and whose affinity 
.2 for protein is such that it will provide a detectable response in the presence of greater than 
15 mg/dL protein upon contact between the device and the fluid test sample to thereby 
u render the device suitable for the detection of total protein in the fluid test sample. 

16. The dry device of claim 15, wherein the buffer is selected from cyanoacetic 
ac,d, citraconic acid, methyl phosphonic acid, sarcosine, saccharin, or combinations 
is thereof. 



20 



17. The dry device of claim 15, wherein the buffer is added in a sufficient 
quantity to maintain the P H of the assay including the test fluid within a range of from 
22 about 2.4 to about 3.0. 



18. The dry device of claim 15, wherein the dye is a substituted 
phenoisulfonephthalein, pyrogallol red or combinations thereof. 

26 

19. The dry device of claim 18, wherein the dye is a substituted 
n phenoisulfonephthalein, the substituted phenolsulfonphthalein is octasubstituted with 

ammo, amido, aromatic, alkyl, hydroxyl, thio, carboxylic, alkoxy, ketoxy, acetyl, halogen, 
30 nitro, cyano, or combinations thereof. 
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20 The dry device of claim 18, where., the dye is a substituted 
, phenolsulfonephthalein, substituted phenolsuifonephthalein is substituted a, the 5', 5" 
positions with nhro and a, Ac X. 3", 3, 4, 5 and 6 positions with chloride, brom.de or 
4 iodide. 

■ 21 " The dry device of claim 18, wherein the dye is a substituted 
phenolsulfonephthalein, the substituted phenolsulfonephthalein is 5,5"- Dinitro-3', 3" 3, 
, 4, 5, 6-hexabromophenolsulfonephthalein or 5'-NitiT>-5"-Iodo-3\ 3 , 3, 4, , , 
hexabromophenolsulfonephthatein. 

22. The dry device of claim 1 5, wherein the dye is pyrogallol red and further 
„ includes combining the test fluid with a molybdate or tungstate salt. 

23. The dry device of claim 15, wherein the detectable response provides good 
resolution at protein concentrations of from about 1 5 to about 300 mg/dL. 

24 The method of claim 15, wherein the dye operates as a color indicator in 
„ the presence of protein at a pH within the range of from about 2.0 to about 3.0. 

25 The method of claim 24, wherein the dye operates as a color indicator in 
the presence of protein at a pH within the range of from about 2.4 to about 3.0. 

26. The method of claim 15, wherein the buffer maintains the pH of the assay 
24 including the test fluid at a target pH plus or minus about 0.2 pH units. 

27 A dry device for use in determining protein levels in a fluid test sample 
which comprises an absorbent material having absorbed therein (a) a buffer selected from 
a buffer selected from citrulline, malonic acid, cyanoacetic acid, citraconic acid, methyl 
phosphonic acid, sarcosine, saccharin, or combinations thereof, the buffer is added m 
sufficient quantity to maintain the pH of the assay including the test fluid within about +/- 
0 2 P H units of a selected target P H range within a range of from about 2.0 to about 3.0 



26 



28 



30 



16 



BNSOOCID: <WO_ 



_03001213A3JA> 



WO 2003/001213 



PCT/IB2002/002321 



10 



12 



14 



16 



18 



20 



22 



and (b) a dye having a pKa which enables it to operate as a color indicator in the presence 
of protein at the selected target P H range and whose affinity for protein is such that it will 
prov ld e a detectable response in the presence of from about 2 to about 500 mg/dL protein 
upon contact between the device and the fluid test sample to thereby render the device 
sunable for the detection of total protein in the fluid test sample. 

28. In an assay for the determination of protein in an aqueous test fluid which 
comprises combining the test fluid with (a) a buffer selected from citrulline, malonic acid 
or combinations thereof, the buffer is added in sufficient quantity to maintain the pH of 
the assay including the test fluid at a selected pH range within a range of from about 2 0 
to about 3.0 and (b) a dye having a pKa which enables it to operate as a protein indicator 
at the target pH range and whose affinity for protein is such that it will provide a 
detectable response in the presence of greater than about 15 mg/dL protein to thereby 
render the assay suitable for the detection of total protein in the test fluid. 

29. The method of claim 28, wherein the buffer is citrulline. 

30. The method of claim 28, wherein the buffer is malonic acid. 

31. The method of claim 28, wherein the dye is a substituted 
phenolsulfonephthalein, pyrogallol red or combinations thereof. 



32. The method of claim 28, wherein the dye operates as a color indicator in 
« the presence of protein at a pH within the range of from about 2.0 to about 3.0. 
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33. The method of claim 32, wherein the dye operates as a color indicator in 
the presence of protein at a P H within the range of from about 2.4 to about 3.0. 



34. A dry device for use in determining protein levels in a fluid test sample 
3o wh,ch comprises an absorbent material having absorbed therein (a) a buffer selected from 
a buffer selected from citrul.ine, malonic acid or combinations thereof, the buffer is added 
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in sufficient quantity to maintain the pH of the assay including the test fluid at a selected 
target pH range within a range of from about 2.0 to about 3.0 and (b) a dye having a P Ka 
which enables it to operate as a protein indicator at the target pH range and whose affinity 
for protein is such that it will provide a detectable response in the presence of greater than 
15 mg/dL protein upon contact between the device and the fluid test sample to thereby 
render the device suitable for the detection of total protein in the fluid test sample. 

35. The dry device of claim 34, wherein the buffer is citrulline. 

36. The dry device of claim 34, wherein the buffer is malonic acid. 

37. The dry device of claim 34, wherein the dye is a substituted 
phenolsulfonephthalein, pyrogallol red or combinations thereof. 

38. The method of claim 34, wherein the dye operates as a color indicator at a 
pH within the range of from about 2.0 to about 3.0 in the presence of protein. 

39. The method of claim 38, wherein the dye operates as a color indicator at a 
P H within the range of from about 2.4 to about 3.0 in the presence of protein. 
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